Introduction
The rate of herbivory on a plant is influenced by the composition, density, and diversity of the surrounding vegetation. Recent research, reviewed by Risch et al. (1983) and Strong et al. (1984) , lllustrates the context dependence of herbivory for numerous plant species in natural and managed ecosystems. Although empirical results vary, a species is often subjected to less herbivory when it is part of a floristically complex plant assemblage than when it is grown in a monospecific stand. Several mechanisms have been proposed to ex? plain this phenomenon. These include decreased con? centration of the plant resource in diverse ecosystems (Root 1973) ; increased abundance of insect predators and parasites (Root 1973 ecosystem herbivory is related to plant species diver? sity. Based on mechanisms operating at the species level, we may predict either higher or lower overall herbivory in floristically diverse than in simple ecosystems. If abundance of insect predators is a major factor controlling herbivory, then diverse ecosystems with many predators should have reduced abundance of both monophagous and polyphagous insects (Risch et al. 1983 ) and lower herbivory for the ecosystem as a whole. Similarly, we might predict lower total herbivory in diverse plant assemblages if the dominant herbivores are monophagous insects whose host-finding behavior is disrupted by the structural complexity of the vege? tation. However, if the major factor reducing herbivory on a species in a diverse ecosystem is diversion of polyphagous herbivores to a nearby, more palatable species, then less herbivory on one species may be offset by more herbivory on another. tionship between a plant species' relative dominance and its rate of leaf loss to herbivores? (4) Is herbivory on one species in a community influenced by the palatability of co-occurring species?
Methods
The study area
The research reported here was conducted as part of a larger ecosystem study designed to test the feasibility of using secondary succession as a In the successional vegetation and the enriched successional vegetation, natural regeneration was allowed to proceed. The successional vegetation received no further experimental manipulations.
The enriched succession treatment was designed to explore the functional attributes, including herbivory, of an ecosystem that was even more diverse than the species-rich successional vegetation and to answer questions about the invasibility of diverse plant communities.
It re? ceived periodic inputs of seeds of species not present in the vicinity: a minimum of 10 000 seeds comprising at least 20 species were added to each plot each month.
The The absolute loss rate for each species was calculated by multiplying its mean relative loss rate by its LAI. To enable us to convert loss rates from a leaf-area basis to a mass basis, leaf specific mass (mass per unit area of leaf) was estimated for each species from a sample of 50 leaves.
Results

Plant community structure
Species richness increased over time in all three of the diverse ecosystems. The successional vegetation, with a total species richness (i.e., all replications com? bined) of 233 species at 47 mo, and the enriched succes? sional vegetation, with 268 species, were the most species-rich of the four experimental ecosystems ( Table  1) 
Leaf loss rates
The frequency distributions of leaf damage were highly skewed for most species, with many leaves of a species receiving little or no damage and a few leaves incurring moderate to large amounts of damage (see Table 1 . Vegetation structure and herbivory rates in the four experimental ecosystems. was high for many species, no matter how diverse the community in which they were growing.
To determine whether herbivory on a species dif? fered among ecosystems, we compared the herbivory rates for those species that were sampled in more than one ecosystem. Of 11 species sampled in both the successional vegetation and the enriched successional vegetation during the same interval, 9 incurred equal amounts of herbivore damage in the two communities (Table 3) . This was an expected result because these two ecosystems were very similar in species richness, composition, and LAI. Two species, Acalypha macrostachya and Panicum trichoides, had different her? bivory rates in the enriched successional vegetation and the successional vegetation (Table 3 ), but the pat? tern was not the same for both species: A. macrostachya incurred more damage in the enriched successional vegetation; P. trichoides had its higher herbivory rate in the successional vegetation. Two of three species monitored in both the enriched successional vegetation and the imitation (E. costaricensis and Ma. esculenta) had higher median herbivory rates in the imitation treatment (P < .01, KruskalWallis test; Table 3 ). In addition, Ma. esculenta had a significantly higher herbivory rate in the imitation than in the monoculture. This species thus had its highest herbivory rate in the ecosystem with intermediate species richness and LAI.
Species' herbivory rates (per unit leaf area) were not significantly correlated with their leaf-specific mass or LAI. However, the species most heavily damaged by herbivores were relatively uncommon species; the abundant species received less-than-average amounts of damage (Fig. 2) . For example, Cymbopogon citratus, a. common grass in the imitation at 15 mo, accounted for more than half of the total leaf area, but <5% of the leaf loss. Leucaena leucocephala, on the other hand, received 21% of all damage from herbivores in the imitation at 47 mo, although it made up only 3% of the total leaf area in the system. Other uncommon species that were heavily eaten relative to their leaf area were Momordica charantia in the successional Herbivory, expressed as a fraction of available leaf tissue, varied widely among ecosystems and among sampling dates (Table 1 ). The amount of temporal variability in herbivory differed among the four ecosystems (P < .01, x2 test); ecosystem-level rates of leaf tissue loss to herbivores were nearly constant in the more Although the differences between their values and ours may be attributable to methodologies, it is also possible that the plants on the Amazonian site are less edible than those on our site because the two sites differ in soil fertility and local floristics.
Although herbivory per unit ground area was ap? proximately equal in our four ecosystems, the impact of that herbivory was greatest in the ecosystems with lower species richness and LAI: these were the systems that lost the highest proportion of their leaf area. This dilution effect has been demonstrated in numerous studies of insect abundance (see review by Kareiva 1983). The key question for agroecosystem design is whether results like ours are caused by abundance of leaf area, species richness, or both. Because LAI and species richness varied together in our study (as they often do in both natural and managed communities), it was not possible to separate the effects of these two factors on herbivory.
In one of the few experiments designed to separate LAI effects from those of diversity, Bach (\9S0a) found that lower pest abundance in polycultures than in monocultures was a function of plant diversity rather than plant density, but that plant density was impor? tant within polycultures. Her findings, coupled with our observations in extremely diverse ecosystems, lead us to conclude that herbivory per unit leaf tissue area might be reduced by increasing either LAI or species richness. Imitating the structural complexity of natural ecosystems may be one way to maintain high leaf area index in an agroecosystem.
Temporal fluctuations
The high temporal variability in leaf loss that we observed for many species did not carry over to total rates of leaf loss in the diverse systems. In the diverse systems we studied, some species incurred high levels of damage at times when other species received little If all 200-plus species in one of our diverse ecosys? tems were subjected to high rates of herbivory in one time interval and low rates in another, then the total leaf loss in that system would not be any more constant than that of the monocultures.
However, given the immense biological complexity of plant-herbivore interactions, such a sequence of events would be extremely unlikely. We suggest, therefore, that speciesrich ecosystems can be expected to have relatively con? stant, and therefore predictable, rates of herbivory. The idea that instability at one level of organization in an ecological system may lead to stability at another level has been proposed on theoretical grounds ( The herbivory rate on a particular species could not be predicted by its leaf area. However, very abundant species often received low to moderate levels of dam? age, while some uncommon species accounted for a disproportionately large fraction of total leaf loss. Elevated rates of herbivory on the less common species may occur because of high population densities?even outbreaks?of one or a few feeding specialists. 
Associational susceptibility
Many of the species we studied did not incur less herbivory in floristically complex than in simpler eco? systems. Our data suggest that the degree of herbivory on any species is influenced not by the absolute complexity of the ecosystem, but by the relative herbivory rates on the other species in the system. Furthermore, the influence of associated species may be positive or negative. Just as association with other species may confer some resistance to herbivore attack (Tahvanainen and Root 1972), we propose that a lightly at? tacked species surrounded by heavily consumed species may experience associational susceptibility to herbi? vores.
The ecosystems we studied include some species that illustrate this concept of associational susceptibility. Two species, E. costaricensis and Ma. esculenta, in? curred significantly higher levels of damage in the im? itation of succession than in the enriched successional community. The plants surrounding an individual E. costaricensis or Ma. esculenta in the imitation had higher average herbivory rates than did those sur? rounding an individual in the enriched succession. The same pattern occurred with C. alliodora, which had a higher herbivory rate in the successional stand than in the monoculture.
Similar results have been reported by others. Bach (1980Z?) found more beetles on corn when it was grown in a polyculture with cucumbers (a heavily consumed species) than when it was grown in monoculture, and Risch (1981) observed that numbers of beetles were higher in polycultures containing all host species than in polycultures containing at least one nonhost species. A single species can experience either associational resistance or associational susceptibility, depending on its palatability relative to that of the species with which it is associated. This idea can be illustrated using data derived from cassava, the one species we (and Blanton and Ewel If, however, that same species is grown in an eco? system in which it is surrounded by species that are even more palatable than it is, it is likely to fall victim to the high populations of polyphagous herbivores that can build up under such favorable circumstances. This may have been the case with cassava in the imitation treatment, where it was most heavily attacked, losing leaf area at a rate of 0.20%/d.
One agricultural implication of these relationships is that increasing the number of crops within a field does not necessarily reduce herbivory on a particular plant species. Herbivory on a single crop may increase, decrease, or remain the same with diversification, as
